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Abstract; Nicotinic acetylcholine receptors (nAChRs) play a sigmficant role in excitatory synaptic transmission їп 
insects and are the target for chloronicotinyl and nereistoxin insecticides. In recent years. Chilo suppressalis , an econom- 
ically important pest of rice. developed high resistance against monosultap, а nereistoxin insecticide acting on nAChR. 
In order to reveal the hypothesized target insensitive mechanism, studies on the molecular property of nAChR from Chilo 
suppressalis are required. In this study, the full length cDNA of nAChR а subunit from this pest was cloned by RT-PCR. 
Sequence analysis shows that it is a novel nAChR а subunit, which was named as Cs а 1 (Genbank accession 
No. AF418987). It contains 1 997 bp nucleotides and involves an open reading frame (ORF) encoding a mature protein of 
509 amino acids excluding a signal peptide of 24 amino acids. The deduced amino acid sequence was 52% ~ 94% identi- 
cal to the reported insect nAChR genes. 
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Nicotinic acetylcholine recepiors (nAChRs) play nervous system, which is an extremely rich source of 
an important role in synaptic excitatory transmission at this excitatory neurotransmitter receptor ( Sattelle, 
both the neuronal and neuromuscular junction of verte- 1980). The great abundance of nAChR in insects has 
brates. In insects, nAChRs are confined to the central led to the development of insecticides targeting these 
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receptors. i.e.the newly introduced chloronicotinyl in- 
secticides such as imidacloprid etc. (Elbert et al.. 
1996), and the conventionally used nereistoxin insec- 
ticides cartap and monosultap, emphasizing the impor- 
tance in investigating nAChR structure and function to 
provide a better understandings of the mode of action 
and the potential changes that might confer target site 
resistance of insecticides . 

Up to now, a few of subunits of the nAChR from 
insects have been successfully cloned. Unlike its 
counterpart of vertebrate in which five subunits, o. В, 
Y. дапа є, have been known to conform the muscle 
nAChR. subunits in insects are classed into two 
kinds. а and non-e or В. Five nAChR genes have 
been cloned from Drosophila melanogaster. of which 
ALS (Bossy et al.. 1988), SAD/D a 2 (Baumann et 
al., 1990; Sawmk et af., 19904), and D a 3 
(Schulz et al., 1998) are a-like; ARD (Hermans- 
Borgmeyer et al.. 1986) and SBD (Sawruk et al., 
1990b) are non-a like. Five а (Мр а 1-5) (Sgard 
et al., 1993; Huang et al., 1999) and а поп-а 
(Mp 8) (Huang et af., 2000) subunit cDNAs have 
been recently cloned from Myzus persicae. Four а sub- 
unit cDNAs (Loc a 1-4) and a non-a ( Loe В 1) 
from Locusta migratoria (Hermsen et al.. 1998) and 
ana (11) from Schistocerca gregaria (Marshall et 
al., 1990) have been cloned. In addition, two а 
subunits from Lepidoptera, MARA} from Manduca 
sexta (Eastham et al., 1998) and Hv а 1 from Helio- 
this virescens ( AJ000399, adapted from Genbank 
Database) have also been cloned. 

In recent years, the highly developed resistance 
of striped rice stem borers, Chilo suppressalis , against 
monosultap has been reported (Han et al., 2001; Li 
et al.. 2001). attracting high attentions of manufac- 
tories and insect toxicologists. In order to explore a 
molecular understanding whether the target insensitivity 
is involved, studies on the molecular property of 
nAChR from this insect are emergently required. 

In this article, we report the full length of nAChR 
а subunit from Chilo suppressalis . This will enable us 
to carry out further studies on detections of resistance 


related mutations and functional expression. 


1 Materials and Methods 


1.1 Rice stem borer 

The striped rice stem borer, Chilo suppessalis . 
was collected from the population sensitive to monosul- 
tap in Taihu County, Anhui Province, China, where 
insecticides are seldom used to control rice pests. 
1.2 Primers 

Degenerate primers used to amplify a fragment of 
N-terminal region were designed based on Huang et 
al. (1999). Gene-specific primers used in rapid am- 
plification of cDNA ends (RACE) were based on the 
nucleotides sequence of the amplified fragment. 
1.3 RT-PCR and RACE 

Total RNA was extracted from single 4th instar 
larva of Chile suppressalis using а RNA isolation kit 
(Gibeobrl Co.). The synthesis of cDNA went as fol- 
lows: A reaction mixture containing 5 pL total RNA 
and 2 рі, Oligo-dT (500 ug/mL) was incubated at 
70% for 5 min, then at OT for 10 min. 18 uL RT 
master mixture containing 5 pL 5 x buffer, 0.74 umol 
dNTP each, 40 U Rnasin. 200 С M-MLV RT (риг- 
chase from Promega) and 6 pL Н.О (Rnase free) was 
added in. The total mixture was at 42% for 60 min, 
95°С for 5 min, and then stored at - 20°С. Amplifi- 
cation of target cDNA fragments was under the PCR 
conditions; 50 pL reaction mixture contained 5 pL 10 
x buffer, 2 mmol/L MgCl), 0.2 mmol/L dNTP each. 
1 pmol/L primer each, 2 pL cDNA, 2.5 Б taq poly- 
merase. The amplification was carried out at the fol- 
lowing condition; 94°С pre-denaturing for 4 min; 35 
cycles of the temperature cycle regimes consisted of 
94°С for 1 min, 55% for 1 тіп, and 72°С for 2 min: 
727C for 10 min; then 4 hold. RACE was carried 
out by use of smart RACE cDNA amplification kit sup- 
plied by CLONTECH Laboratories, Inc. 
1.4 Cloning and sequencing 

PCR products were checked by agarose gel elec- 
trophoresis, The target bands were purified using a 
DNA purification system of Wizard PCR Preps kit pur- 
chased from Premega Chemical Co. The purified frag- 
ments were cloned with pGEM-T Easy Vector Systems 
and transformed into Ё.со& DHS o. The positive 
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clones were sequenced by Takara Chemical Co. 
2 Results and Analysis 


2.1 Cloned cDNA fragment encoding nAChR a 
subunit 

With the degenerate primers, a band about 240 
bp was amplified, cloned and sequenced. The de- 
duced amino acid sequence shows high identity with 
other nAChR genes from insect when blasted in Gen- 
bank, indicating the cloned product is a fragment of 
N-terminal regions positioned ai extro-cytoplamic. The 
typical characteristics, the two vicinal cysteines, 
which is the definitive feature conserved in all nAChR 
a subunit. and some amino acids believed to be in- 
volved in binding nicotine and o-bgt further indicate 
that this fragment comes from the gene encoding a sub- 
unit (Fig.1). 

2.2 Cloning and sequencing of full-length cDNAs 
of nAChR а subunit 

With the specific primers designed according to 
the cloned fragment, 3" and 5" RACE were carried 
out. Оле single band about 800 bp of 5’ RACE prod- 
ucts and two bands about 1 150 and 1 600 bp of 3’ 
RACE products appeared when checked with agarose 
gels electrophoresis. The sequencing results showed 
that the two 3" bands are highly similar. In order to 
confirm whether these RACE products were truly from 
nAChR а subunit, two pairs of specific primers were 
designed according to the RACE products and two frag- 
ments of 1 816 and 1 982 bp in length were amplified 
by full PCR. The further sequencing shows that these 
two fragments contain the same complete open reading 
frame (ОВК), indicating that only one gene is cloned 
(Fig.1). 

The eloned nAChR a subunit contains 1 997 nu- 
cleotides with an ORF starting at 104 and ending at 
1 704.The ORF encodes 533 amino acids having typi- 
cal features of nAChR family; a signal peptide of 24 
amino acids; a conserved disulfide-linkedcys loop, 
which is a structural motif present in all subunits of 
nAChR and other ligand-gated ion channels, formed 
by 15 amino acids from positions 128 to 142; four hy- 
drophobic putative transmembrane domains МТІ - 4; 


and a potential N-glycosylation sites present at positions 
24 (Аза), which is conserved in all insect nAChR 
subunit reported to date and most of the vertebrate neu- 
ronal receptors {Marshall et al., 1990; Gundelfinger 
& Hess, 1992; Lindstrom, 1995; Huang et al., 
1999). 

This gene is considered to encode a a subunit for 
the following characteristics: two cysteins at positions 
201 and 202 corresponding to the vicinal cysteines 
definitive of all known a subunit; cholinergic ligand 
binding curresponding residues, i.e.trytophan 86, ty- 
rosine 93, tryptophan 149, tyrosine 151, tyrosine 
199, cysteine 201 and cysteine 202. 

2.3  Characterizations of cloned nAChR a sub- 
units 

The newly cloned cDNA gene was named Cs а 1 
(Genbank accession No. AF418987} and the amino 
acid sequence of Cs а 1 was deduced and analyzed, 
Table 1 shows that Cs а 1 holds high similarity ar- 
ranged from 52% - 94% with nAChR a subunits from 
other insects such as Locusta migratoria, Myzus persi- 
cae, Drosophila melanogaster, Schistocerca gregaria 
and Manduca sexta. The most homogenous region is 
located from the beginning to MT3, while the loop be- 
tween MT3 and MT4 and C terminal region are variable 
in length and identity (Fig.2}. 

Cs а 1, however, has some specific features of 
its own, differing from other o. subunit from insects. 
The potential N-glycosylation site at position 212 


(Asn??), which is unique to insect subunit ( Marshall 


Table 1 Similarity of the amino acid sequence of 
Cs a 1 to other a-subunit genes of nAChR 








from insects 
Insect Subunit ^ Accession No. Sir 

Heliothis virescens Alpha 3 AF096879 04 
Alpha 2 AF096878 53 

Drosephila Alpha 3 Y15593 77 
melanogaster Alpha-like X07194 58 
Alpha 2 X53583 52 

Locusta migratoria Alpha 2 AJ000391 74 
Alpha 1 AJ000390 ті 

Alpha 3 AIQ00392. 56 

Myzus persicae Alpha Х81888 69 
Alpha 5 41236788 53 

Manduca sexta Alpha | Y09795 61 
Schistocerca gregarva Alpha 11 X55439 53 
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ACGCGGGGACAGCATCACGATTTTGTAAACATGTACCAGTAAATAAATTTAGCAGTTTCCAAATATTCTTCATA 
AGTAGAGTAAATAAGCAAAGACAGTGAAA 

04 etgegtttaggaataatttgrgttttcttegttttegtaaagaacagtttgggcgtgaagctcctggaagctaatccggatgtcaaacgc 
-'4M RL G IICNVPFPFPVYFYVYENSLIGYVEKLLEAPFNPDSYSMImR 





194 tigtatgac васіі дсісахсаасі acaaccauttgat tegaccggt caccaatgtgagegacattctcaetgtecgactgggactgaag 
7 L Y BDLLSNYSNRLUI RPY TN Y¥ S DIL TY RI GLE 
284 ttgrcgcaactgatggaggtcaatttgaagaavcaggtcatgaccacgaacerttgggtggagcagaaatgRttezattacaagctgaca 
37 L S QU K E V М LK Хх б У MT TNL WY Е а Кк WF ру K 1 T 
27 tcgaacccegacgactatggcggegttgagargctetacgtgecgt cggagcacatctggctecccgacatagt getttacaacaactgz 
£7 W N P DD Y GG V EM L Y VP SEH I »LPDI VLULSYSN TS 
464 gatggzaactacgaagttactctaastgacgaaagcCactetgzaagt acaccggcgaggtgeactggaagcegeccgctatatacaagtea 
a7 DG N Y EV T UL M TK AT LK Y TG BY NV Kk P Р А EY KS 
554 tcgtigcgagatcaacgttgaatacttccetttegacgagcagacttgctttargaaatteggctettggacttacaat ggggcacaggtc 
1735 СЕ I N_V_E У Е PF DE QTC F Wee Y NGA ФУ 





644 gacttgaaacacatggaccagtcacccggcagcagcctggtzcacgtcgggatcgaccteagcgagtcctactrgtcagt ggaatgggac 
157E L K H M DQ 8 PG SS LV HVG I DLSESYLSVEY?D 
734 atattggaagtgcctgccaccagaaatgaggaat actacecgtgttgtccagagcctttttcagatataactttcaagcttacgatgcgc 
187 1 L E V Р А Т RN EE Y У P C C PE PF SD І TF K LT M Е 
874 cgcaageccctgttctacaczgtgaacctcartaatacctrgegtagggcraacgtitttgactgttctegtgttttacttaccgtccgat 
217 miaka Li lL Р ү ово рТ ЗЕ туз VE Ж 1 RS. 
914 tcgggggagaugatatcgctcetgcatctcaatectggtgtecetcacagtgttettecttggtttggccgagatcateccgcecaacgtcc 
4735 G E K I S 1 C I 5 I L Y 8 tL T V Р F L С 1 AE ЇЇ РР Т S 





1904 ctggcgattccgttgctaggaaaatacetgctattracaatgatactcegtgtcgetvagcgtatgggtcacagtttgcattgtgaacgte 
TO LoAOIOPL 1 50 Ro Y L L T T-M 1, 7235 L S у Ww у т У C 1 v Nw У 
094 cacttcaggtctccatcgacacatacaatgtciccztggatgaagaaactgttettgcaattcatgceccaagctgcttatgatgagzagg 
303; H F В S P S TH T M S Р WM K K LF LQF MP K LL MM RR 
1184 accaaatactzcttgccggartacgocgatacat?cgtctcgaat ggatacancaacgaectggaaatgagccgtgacagcctgactgac 
ЗТ TR Я S L PD Y DD TF VS NG Y TN ELEM S RDSLTD 
(274 gcgttcggcgactcaaagaatggtgacagcggcgattatcgtaaatcaccggcacctgaagatgacatcctggctggtagcgctcaccag 
368 A F GUS K Nk GODS GU Y RK SP AP" EDDILAAGSAMHQ 
1364 aggccatcegtzacggagtcggagaacatgatcccacgtcavttgtctccagaggtggctgccgccccgcagagcgtcaggtttat cgcg 
397 RP S V TE 3E М M IP RHLS3P EVA А А LOS У К FIA 


= 
O 


1454 caacacdtcaaggat gccgacaaggataacgaggicatcgaagactggaagttcatgtccatggttttggacaggttettcetcetggttg 
4127 4 H ! K D A4 DK DN EV I ED BK FMS MY LDR FPL НІ 
1544 tícaccatlcgcctgcttceatgggraccttcgggatcatettecagtcccecatetetttatgscaccagggtecctgtggaccagcagata 
AR? E T I] A C F V С ТЕ б I I FQ SP SLY DT RVPVDGQGRI!I 
1634 tectccattccgat gaggaagaacaacttcttctacccaaaggacattgaaaccatcgztattettagttaa 1704 

487 8 5 I PM В КО NN FF Y PK ODT ЕТ Т б [Т У 5 ж 
ACTGTTACATTAGTTGTTTTTTTIGTAATCTTGAGTATTTGTTAACCTTTAAGGAACATCGTTAATTTAACATGA 
ACIACTITTAATTGAGTCTTICCGCC AGCAAAATATGGGAATGAATTTGGAAATTTTAATAGGTATACCTTATTGT 
TAATTATAAGATTTAACAAAAUTATGTCAAAGTCAATGATTAATTCTAATAAAGTTTTACAAGTAATAAGTATTT 
TCTCTCGTGAAGATAAAACGGAATTAATATACATAATTTGTGAAAAAAAAAAAAAAAAAAAAAAAGT 


Fig.1 Nucleotide and amino acid sequence of the nAChR їп Chilo suppressalis 
Putative signal peptide is shown by underlined, the cys loop by dash underlined. the transmemberane domains by doble underlined, and the vic- 
inal vyslemes by bold. Two degenerate primers are in dark background, and the primers for 5°, down one, and 3', up one, RACE under 
wave Imed. 
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Fig.2 Alignment of insect nAChR a aubumt by using clustax software form NCBI 

The predicted mature Cs а 1 polypeptide is aligned with the sequences of the о subunits accessed from www. ncbi - пт. nih. gov- blast blast. cg . 
Hrad is for Hv a 3 from. Heliothis virescens, ALS from Drosophila, and aLi for a Li from locust. 
lined and residues are believed to be involved jn binding nicotine 1 # \ and с-а t + ? are zndicared. The potentzal N-glycesylation UN) sites are 


Predicted transmemebrane regions are under- 


12 5j я 





etal., 1990), is missing and replaced by lysine. A 
putativeintracellular loop between MT3 and MT4 is 147 
amino acids in length, similar to MARA1, 40 residues 
shorter than ALS, 33 residues shorter than D a 2/SAD 
and 34 residues shorter Шап а L1 (Eastham et al., 
1998). The alignment (Fig.2) also shows this loop is 
must variable region in identity between other nAChR 


subunits . 
3 Discussion 


Many subtypes of nAChR subunit have been found 
both in To date, 16 
nAChR subunits have been identified and characterized 
in vertebrates (Lindstrom, 1995; McGehee & Role, 
1995), of which one (а 1) in muscle and eight (a 2 - 
8) in neuronal nAChR are а subtype, one (B 1) in 
muscle and three (B 2 - 4) in neuronal nAChR аге В 


subtype. and the others holding only one subtype pre- 


vertehrate and invertebrate. 


senting in muscle nAChR are б, У or € and С. In in- 


ж HF З 
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sects, subtypes also commonly exist as the depiction in 
the introduction. Sgard et al. (1993) reported a 327 
bp fragment nAChR а subunit gene from Chilo suppres- 
salis. The alignment shown in Fig.3 indicates that the 
similarity between this fragment and Cs a 1 is not 
100%, but 90%. Therefore, the 
nAChR cDNA sequence is from a novel a subunit gene. 


newly cloned 
In order to find the subtypes, we had sequenced six 
clones of amplified fragment, but failed to reveal the 
occurrence of diversity. However. Huang єї ai. 
(1999) successfully obtained 5 subtypes of nAChR a 
subunit from Myzus persicae by sequencing тапу 
clones. Sgard et af. (1993) amplified the fragment of 
Cs a 2 by using genomic DNA as template, but Cs a I 
was amplified by using cDNA as template instead. It is 
perhaps that the transcription results in different mRNA 
expression and the predominant abundance of Cs а | 
over other subtypes. 


The NAChR— nicotinic acetylcholine receptor is 


* 20 * * 60 
real Y З бб 
Csa2 66 
* 80 Е 100 * 
78al 11ü 
сває 110 
Fig.3  Ahgnment of Cs а 1 with the reported fragment Cs а 2 from Sgard et af. (1993) by using clustax software form NCBI 


an important insecticide target. So far, its sensitivity 
changes have not been reported involved in the insecti- 
cides resistance, While the insensitivities of other tar- 
gets such as acetylcholinesterase, sodium channel and 
GABA receptor by replacement of amino acid have 
been confirmed as important mechanisms responsible 
for insecticide resistance (Zhu et al ., 1996; Huang et 
al . , 1997; Ffrench-Constent ez af ., 2000: Williamson 
et а?.. 1996; Martinez-Torres et al., 1999), Тһе rea- 
sans may be that insecticides acting on nAChR are not 


applied so widely and intensively as other insecticides, 


and the tesistant insect is not available for research. 
However, Chilo suppressalis recently jumped high re- 
sistance against monosultap (Li et al., 2001; Han et 
al., 2001). а nereistoxin insecticide acting on 
nAChR, which most probably resulted from target in- 
sensitivity. In our study, a novel nAChR a subunit 
was successfully cloned from Chilo suppressalis , and 
make it attainable to carry out further studies and give 
a comprehensive understanding of the molecular prop- 
erty of nAChR а subunit and the nature of target insen- 


sitivity Involved in insecticide resistance. 
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